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Summary 
We have studied memory in 1 cell receptor (TCR) 
transgenic mice expressing a D+restricted TCR spe- 
cific for the male peptide (H-y). CD8+ T cells from fe- 
male TCR transgenic C87BU8 (B8) mice were activated 
by transferring them Into X-irradiated male (B8 x 
bml2)Fl hybrid recipients. Subsequently, they were 
highly purified by ceil sortlng and transferred for vari- 
ous lengths of time into female 88 nulnu recipient 
mice. Other nu/nu recipient mice received highly puri- 
fied naive T ceils expressing the transgenic TCR. The 
functional potential of naive and *memory” T ceils was 
analyzed by stimulation with male ceils in vivo. The 
results show that memory ceils can be derived from 
activated T cells and persist in the absence of antigen 
for at least 13 weeks. Naive and memory T cells differ 
in that memory T ceils give a more vigorous and sus- 
tained response than naive T cells. 
introduction 
Immunological memory is defined as an antigen-induced 
alteration in the reactive state of the immune system per- 
sisting in the absence of antigen. it is commonly observed 
that so-called “memory” responses are more rapid in onset 
and are more effective in reducing the antigenic load. At 
present, however, it is not certain whether immunologic 
memory, as discussed here, does exist. 
in the B cell compartment, immunologic memory may, 
at least in part, be due to long-lived B lymphocytes with 
antigen receptors of high affinity. These ceils are selected 
by antigen after immunogiobuiin genes have undergone 
somatic mutation upon antigenic stimulation in germinal 
centers (Schittek and Rajewsky, 1990; Berek et al., 1991). 
It was, however, not rigorously tested whether the persis- 
tence of long-lived memory B ceils required antigen. 
Here we are concerned with memory in the T cell com- 
partment. The cellular basis of such putative memory is 
obscure. in fact, it has been argued that Tcell memory may 
not exist, since so-called memory responses apparently 
vanish in the absence of antigen. This interpretation was 
based on experiments in which the precursor frequency 
of cytotoxic T cells was monitored in immunized animals 
and in which it was shown that activated CD8’ T ceils 
disappeared, rather than converted into long-lived mem- 
ory cells (Oehen et al., 1992). Similar conclusions were 
drawn from experiments in which T cells from immunized 
animals were transferred into T cell-deficient mice and 
memory appeared to disappear quickly (Gray and Mat- 
zinger, 1991). These views were challenged by transfer 
experiments in which the more rapid onset of an immune 
response could be observed for long time periods after 
T cells from an immunized mouse were transferred into 
normal hosts that were supposedly free of antigen (f&Ii- 
bather, 1994). More recently, it was shown in adoptive 
transfer experiments, that in a population of CD8+ T cells, 
memory could persist for a long time in the absence of 
antigen (Lau et al., 1994). It is not clear whether in these 
experiments the more rapid onset of the recall response 
was due solely to a higher precursor frequency, selection 
of ceils with high affinity receptors, production of primed 
cells that responded with different kinetics, or to another 
alteration of the transferred T cell population, for instance, 
a change in idiotypic connectivity (Maier et al., 1988). 
These questions could not be addressed in these experi- 
ments because heterogeneous cell populations were 
transferred and the receptors of the responding cells could 
not be analyzed. 
To test the idea that immunological memory is due to 
long-lived memory cells derived from antigen-activated 
ceils that persist in the absence of antigen, we have ana- 
lyzed memory in the CD8+ T cell compartment by utilizing 
T cell receptor transgenic mice expressing a transgenic 
TCR specific for H-Y antigen presented by H-2Db MHC 
molecules. This experimental system permitted us to ad- 
dress the question whether CD8+ T cells, with a particular 
TCR, that had been activated upon encounter with anti- 
gen, could become long-lived resting T cells that would 
react to a second antigenic challenge. For this purpose, 
CD8+ T cells from female TCR transgenic mice were acti- 
vated by transfer into male recipient mice. At a time when 
ail cells from female mice expressing the transgenic TCR 
were activated (usually at 10 days after transfer), they were 
highly purified by cell sorting utilizing a Fab fragment of 
a cionotypic TCR antibody. Sorted cells were “parked” in 
antigen-free female nulnu recipient mice. Recipient mice 
were analyzed for the content of male-specific CD8+ T 
cells at various time intervals before or after immunization 
with male cells (Figure 1). The experiments show that acti- 
vated CD8+ T cell blasts can revert to long-lived resting 
lymphocytes that respond more vigorously to a challenge 
with antigen when compared with similarly transferred 
long-lived naive T cells. 
Results 
Activation of CD8+ T Ceils with a Transgenic TCR 
Because previous experiments had shown that CD8’ T 
cells tended to disappear in a period of 3 weeks when 
activated by antigen in the absence of CD4+ T ceil help 
(Kirberg et al., 1993), we transferred 10’ B cell-depleted 
lymph node cells from female B6 TCR transgenic mice 
expressing a male (H-Y)-specific TCR, into sublethally 
X-irradiated male (B6 x bml2)Fl recipient mice. These 
mice express, in addition to the male antigen presented 
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Figure 1. Schematic Representation of Experimental Protocol 
by H-2Db class I MHC molecules, allogeneic class II MHC 
molecules that can be recognized by CD4+ T cells in the 
transferred population that express endogenous rather 
than transgene-encoded TCR a chains (Borgulya et al., 
1992). After 10 days, spleen and lymph node cells were 
analyzed utilizing antibodies directed against various cell 
surface antigens, including the clonotypic antibody T3.70 
directed against the transgenic TCR (Figure 2). It can be 
seen that in female TCR transgenic mice T3.70+CD8+ T 
cells are small MEL-14hi and Pgp-1 (CD44)‘O. After transfer 
into male (68 x bml2)Fl recipients, these cells become 
large, mostly MEL-14’” and Pgp-1 hi. In line with previous 
observations (Rocha and von Boehmer, 1991), most of 
the activated cells express slightly lower levels of the aP 
TCR as well as CD8. 
Naive cells from female transgenic mice, or activated 
cells from male (B8 x bml2)Fl recipients injected with 
10’ B cell-depleted cells from female transgenic mice, 
were sorted and reanalyzed by staining with CD8 and 
T3.70 antibodies. It is important to stress that the sorting 
was performed with a monovalent Fab fragment of the 
T3.70 antibody that fails to stimulate proliferation or even 
Ca* mobilization in T3.70+ cells (J. K., unpublished data). 
Sorted cells, as shown in Figure 3, were 99% T3.70+CD8+, 
irrespective of whether they were derived from naive fe- 
male TCR transgenic mice or from injected male (B8 x 
bml2)Fl hybrid recipients. 
Absence of Male Cells in Adoptive Recipients 
Sorted naive and activated T3.7O+CD8+ T cells were in- 
jected into female nude recipient mice. To exclude that 
male cells have been transferred, spleen and lymph node 
cells from female nude recipient mice, reconstituted with 
either naive or activated T3.70+CD8+ T cells, were ana- 
lyzed at various timepoints after cell transfer by polymer- 
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Figure 2. Activation of Male-Specific T Cells 
B cell-depleted lymph node and spleen cells of recipient mice were 
stained with T3.70, CD& PGP-1, or MEL-14 monoclonal antibodies 
IO days after transfer of IO’ B cell-depleted lymph node cells from 66 
female TCR transgenic mice into (600 rads) irradiated (B6 x bml2)Fl 
male mice (a). The same staining was done on B cell-depleted lymph 
nodes and spleen cells from 66 female TCR transgenic mice (b). FSC, 
PGP-I, and MEL-14 histograms are of gated T3.70+, CD8+ cells. 
ase chain reaction (PCR). This was done using oligonucleo 
tides able to amplify sequences of the Zfy-7 gene present 
on the Y chromosome (Ashworth et al., 1989). In all cases, 
we were unable to detect PCR products with the male- 
specific oligonucleotides that would detect a contamina- 
tion of 0.05% male cells (Figure 4). Likewise, we failed to 
stimulate male-specific T cells with either sorted T cells 
or spleen cells from transferred animals when using them 
as stimulators together with partially purified supernatants 
from concanavalin A-stimulated spleen cells (data not 
shown). Taken together, our results indicate that we did 
not transfer antigen-bearing cells to recipient mice. 
Activated CD8+ T Ceils Revert to Small 
Long-Lived Cells 
Between 1.5 x lo6 and 3.0 x lo6 naive or activated 
T3.7OXD8’ cells were injected intravenously into female 
nulnu recipients, and lymph nodes and spleens were ana- 
lyzed from 3-13 weeks thereafter. About 30% of the in- 
jected naive T cells were recovered from the lymphoid 
organs of the recipient mice with no decline, following the 
first analysis at 3 weeks until 13 weeks thereafter. Regu- 
larly, the recovery of antigen-activated T3.70+CD8+ T cells 
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Figure 3. Isolation of Activated and Naive Male-Specific T Cells 
Male specific cells (activated cells) were isolated from spleen and 
lymph node cells of (B6 x bml2)Fl male mice, injected with lymph 
node cells from 66 TCR transgenic females, or from lymph node and 
spleen of a8 TCR transgenic female mice (naive cells). All cells were 
depleted of B and CD4+ T cells and stained with CDI-PE and T3.70 
Fab-FITC-labeled mAbs. Staining of unsorted and sorted cells is 
shown. In all experiments, the purity of the sorted population exceeded 
99%. The purified cells were injected into 4- to 5weekold 86 female 
nulnu recipient mice. 
was only 100/o of what we find with naive T cells, but again, 
there was no decline between 3-13 weeks after transfer 
(Table 1). The reduced recovery of activated cells was not 
due to the survival of a few naive T cells, as all the cells 
from the previously activated population were found to be 
Pgp-1 hi even 13 weeks after transfer, while naive T cells 
remained Pgp-1’O (Figure 5). While activated ceils were 
large at the time of transfer, 3-l 3 weeks later, the surviving 
T cell population consisted exclusively of small cells (Fig- 
ure 5). This indicated that most activated T cells disappear 
after transfer, while a minority reverts back to Small lym- 
phocytes in the absence of antigen. 
Memory T Cells Expand More Vigorously 
Than Naive T Calls 
The functional capabilities of naive CD8+ T cells, as well 
as descendants of activated male-specific T cells that had 
been transferred into female nude recipients mice, were 
analyzed at various timepoints. For this purpose, the recip- 
ient mice were injected with 10’ spleen cells from B6 nul 
nu male mice, and lymph node and spleen cells were ana- 
lyzed 10 days thereafter. When examining naive T cells, 
the number of male-specific T cells in spleen and lymph 
node increased by a factor of 3-7 in the 10 day period 
following antigenic stimulation (Table l), whereas descen- 
dants of the activated T cells increased by a factor of 15 
Figure 4. Absence of Male Cells in Adoptive Recipients 
PCR Southern blot hybridized with a Zfy-1 probe. DNA obtained from 
lymph node (lanes l-2) and spleen (lanes 3-4) cells of female nulnu 
recipients with parked activated (lanes 2 and 4) or naive (lanes 1 and 
3) male-specific T cells, was analyzed by PCR. DNA purified from 
female cells (B8Q) with graded addition of male cells (0) was used as 
a sensitivity control. The assay could easily detect 0.1% male cells 
(5 cells). The integrity of the DNA preparations was monitored using 
a PCR reaction for the immunoglobulin M (IgM) constant gene (data 
not shown). 
50 during the same time interval. This could have sug- 
gested that the descendants of activated CD8’ T cells 
were capable of a more rapid expansion than naive CD8+ 
T cells. However, since the total number of naive and acti- 
vated cells at the start point of immunization differed, we 
could not exclude that the more extensive expansion of 
descendants of activated CD8+Tcells was due to the lower 
cell number of the starting population, which somehow 
facilitated expansion. For this reason, in further experi- 
ments, we injected initially only one tenth of the number 
of naive male-specific T cells, so that at the time of priming 
(injection of male cells), equal numbers of naive T cells 
and descendants of activated T cells were present in the 
recipient mice. When these recipient mice were analyzed, 
we found that the expansion of either naive or memory 
CD8+ cells had strikingly different kinetics. Naive cells ex- 
panded up to 8-fold 7 days after priming but had disap- 
peared after 14 days. On the contrary, descendants of 
activated CD8+ transgenic T cells continued to expand 
beyond day 7, reaching peak levels around day 10 (20- 
to 50-fold) and declined thereafter to still detectable levels 
by 21 days (Table 2). Thus, by both criteria, the descen- 
dantsof activated T cells appeared to be functionally differ- 
ent from naive T cells, being capable of a more vigorous 
and extended expansion after antigenic stimulation. 
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Table I. Recovery of Male-Specific Cells in Female nulnu Recipient Mice at Various Timepoints and Increase of Male-Specific Cells IO Days 
after Immunization 
Number of cells recovered (1W) 
Number of cells injected (IO-9 Days after injection Unprimed (%) Primed (increase factor) 
Naive 23 31 6.0 (26%) I6 (3) 
Memory 23 0.6 (3.5%) 16 (20) 
Naive 20 36 5.9 (29%) 23 (4) 
Memory 20 0.7 (3.5%) I3 (16) 
Naive I5 45 4.3 (29%) 19 (4) 
Memory 15 0.5 (3.3%) 27 w 
Naive 30 52 7.0 (23%) 30 (4) 
Memory 30 2.0 (6.6%) 35 (17) 
Naive I5 101 3.5 (23%) 21 (6) 
Memory I5 0.7 (4.6%) 30 (42) 
Naive and activated male-specific T cells, obtained and purified as described in Figure I and Figure 2, were transferred into female nulnu mice. 
After various timepoints, male-specific cells from mice that were not (unprimed) or were (IO days after priming) immunized with 86 nu/nu male 
spleen cells were counted. For that purpose, lymph node and spleen cells were depleted of slg+ cells and stained with T3.m and ClX-specific 
monoclonal antibodies. Cell numbers were calculated from the total cell number and FACSderived percentages. Percentage of recovered cells 
as well as the factor of increase after priming are given in brackets. For each timepoint, four animals were injected with activated T3.70’ CD6+ 
cells and four with the same number of naive T3.70+ CD6’ cells. After various times, Iwo mice of each group were immunized with male cells. At 
the different timepoints shown, all eight mice were sacrificed for staining. Experiments were repeated three times; numbers represent the average 
of Iwo mice within one experiment. Different experiments gave similar results. 
Discussion 
The question of immunologic memory is an old one. In 
the past, authors have discussed the issue whether or not 
the maintenance of memory requires the persistence of 
antigen. In our view, memory in the true sense of the word 
can only be defined as an altered state in the immune 
system that results from antigenic experience and persists 
in the absence of antigen. Thus, in our mind, the question 
is not whether there is memory that does or does not re- 
quire the persistence of antigen, but whether or not immu- 
nologic memory does, in fact, exist. 
Before the advent of TCR transgenic mice, it was diff icult 
to follow the fate of cells with certain clonotypic receptors. 
It was not known whether immunologic memory reflected 
the persistence of descendants of activated T cells, which 
survived in the absence of antigen and exhibited qualita- 
tively different response potential, or simply an increased 
precursor frequency of otherwise identical responding 
cells that may only differ in some surface marker like Pgp-1 , 
that may be not related to function. It could not even be 
excluded that immunologic memory resulted from an alter- 
ation in the status of the immune system that permitted 
more rapid expansion of cells because immunization had 
relived some putative suppression such that secondary 
stimulation allowed a stronger and more rapid response 
(Maier et al., 1988). 
Our experiments suggest that immunologic T cell mem- 
ory can be due to the survival of descendants of activated 
T cells that persist in the absence of antigen and are quali- 
tatively different from naive T cells. Memory cells give, on 
a per cell basis, a stronger proliferative response than their 
naive counterparts with identical TCRs. In our experi- 
ments, we have injected sorted cells into nulnu mice to 
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Figure 5. Phenotype of Memory Cells 
T3.70+CD6+ male specific cells, purified as described in Figure 2, were 
injected into female nulnu mice. Lymph node and spleen cells of recipi- 
ents were depleted of slg’ cells and stained with T3.70-, CD&, and 
PGP-l-specific mAbs I3 weeks after transfer. FSC and PGP-1 histo- 
grams were of gated T3.7O+CD6’ cells. 
tp+ T Cell Memory 
Table 2. Response Kinetic of Naive and Memory Cells ‘Parked” for 5 Weeks in Female nulnu Mice 
Number of cells 
Number of cells recovered (lo*) 
injected (10e5) Unprimed (W) 3 days 5 days 7 days 14 days 21 days 
Naive 2.5 0.7 (28%) 2.3 (3) 0 0 
Memory 25 1.2 (4.8%) 4.3 (3.6) 13 (10.8) 0.8 (0.6) 
Naive 3.0 1.1 (36%) 5.5 (5.0) 0 0 
Memory 30 0.8 (2.6%) 3.7 (4.6) 10 (12.5) 1.1 (1.4) 
Naive 2.7 0.9 (33%) 6.3 (7.0) 0 0 
Memory 27 1.3 (4.8%) 4.5 (3.5) 15 (11.5) 0.7 (0.5) 
Naive 2.0 0.6 (30%) 0.8 (1.3) 3.2 (5.3) 5.3 (8.8) 0 
Memory 20 0.8 (4.0%) 1 (1.2) 1.5 (1.9) 3.0 (3.8) 11 (13.7) 
Naive and activated T cells were purified as shown in Figure 2 and injected into female nulnu recipient mice. In the case of activated T cells, 
l&fold more cells were injected to give an approximately equal starting population before priming. After 5 weeks, some mice were immunized 
with 10’ 518 male nu/nu spleen cells. At various timepoints thereafter, primed and unprimed mice were sacrificed and lymph node and spleen 
cells prepared, depleted of SIG’ cells, stained with T3.70 and CD8 monoclonal antlbodies. Cell numbers were calculated as in Table 1. In brackets, 
percentages of recovered cells are given, as well as the factor of cell number increase after priming. For each timepoint, animals were injected 
and analyzed as described in the legend to Table 1. 
be able to identify unambiguously the relatively small num- 
bers of transferred cells in these recipients. It is possible 
that the survival and expansion potential under more phys- 
iological COnditiOn8 could be influenced by other T cells. 
At least with regard to naive T cells, we have previously 
found asimilar lifespan in euthymic mice that contain other 
T cells (F&ha and vonBoehmer, 1991; von Boehmer and 
Hafen, 1993). This remains to be determined for memory 
T cells. 
While our report documents the existence of memory 
T cells, it does not indicate that the generation of memory 
T cells is always the consequence of antigenic stimulation. 
In fact, previously we obtained evidence that confrontation 
of CD8+ T cell8 with antigen in the absence of CD4+ T cell 
help or interleukin-2 (IL-2) can result only in a transient 
response, after which all of the antigen-specific cells disap- 
pear (Kirberg et al., 1993). This may be the reason why 
naive T cells disappear 3 weeks after priming in nulnu 
adoptive recipients. It is aIS0 possible to eliminate most 
CD8+ T cells if T cells are confronted with relatively high 
doses of antigen (Rocha and von Boehmer, 1991; 
Moskophidis et al., 1993). Finally, very high doses of anti- 
gen can induce temporary anergy in T cell8 and anergic 
T cells can revert back to functional T cells in the absence 
of antigen (Ramsdell and Fowlkes, 1992; Rocha et al., 
1993). Whether these revertants have the same pheno- 
type as the descendants of activated T cells, as described 
in this report, has still to be examined. Thus, it would ap- 
pear that the mode of antigen exposure, both in terms of 
dose a8 well as time, may decide whether or not memory 
T cells are effectively generated. It may be for that reason 
that some authors have failed to detect T cell memory. 
Other failures may have more trivial reasons: it was re- 
ported that responsiveness faded quickly when activated 
T cells were adoptively transferred into T cell-deficient 
hosts (Gray and Matzinger, 1991). In such transfer experi- 
ments, memory cells may become quickly diluted by other 
cells that expand in these hosts (Rocha and von Boehmer, 
1991) giving the illusion of fading memory. 
It is, of course, extremely difficult to show that we are 
really dealing with memory, rather than with cells that are 
maintained by small doses of antigen. For this reason, we 
have highly purified our activated T cells by cell sorting 
before transfer and have analyzed the recipient mice for 
the presence of antigen. It would appear that the male 
antigen that induces T cell8 with the transgenic TCR repre- 
sents a good choice, since a similar antigen is not present 
outside of male mice, as evidenced by the fact that in all 
female mice mature CD8’ T cells with high levels of the 
transgenic TCR are Pgpl- and, unlike other T cells, never 
divide when transferred into T cell-deprived female hosts. 
For these reasons, we believe that our report demon- 
strates the existence of memory T cells that represent 
descendants of activated T cells, and persist in the ab- 
sence of antigen. The reduced number of memory cells 
that we recover after adoptive transfer may either reflect 
a physiological event, i.e., the fact that only a certain pro- 
portion of activated CD8+ Tcellscan revert to resting mem- 
ory cells, or, alternatively, reflect an artifact of the transfer 
system that allow8 only a fraction of injected lymphoblasts 
to survive in the adoptive recipients (Sprent and Miller, 
1976). It cannot be ruled out, for instance, that only cells 
with certain homing receptors survive in this adoptive 
transfer system (Mackay et al., 1999) and that more cells 
survive in lymphoid organs other than spleen and lymph 
nodes. The uncertainty about the reduced recovery, how- 
ever, does not alter our conclusion that antigen-induced T 
cells can develop into memory cells that have a functional 
potential different from that of naive T cells. 
Experimental Procedures 
Mice 
C57BU6 (B6) mice were obtained from IFFA-Credo (France), B6.C-H- 
2bm12 (bm12) mice from Jackson Laboratories (Bar Harbor, Maine), 
B6 nulnu from Bomholtgart (Denmark) or Fijllinsdorf (Switzerland) 
(Klein et. al., 1963). All mice, as well as (B6 x bml2)Fi mice, were 
bred in the animal colony of the Base1 Institute for tmmunology. The 
a5 TCR transgenic mice, with the transgenic TCR specific for male 
antigen (H-Y) in the context of H-2Db MHC molecules, have been pre- 
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viously described and were crossed on the B8 background (Kisielow 
et al., 1988). 
Immunlzatlon 
B8 nulnu females with parked activated or naive T cells were immu- 
nized after different time periods by intravenous injection of IO’ B8 
nulnu male spleen cells in phosphate-buffered saline (PBS), depleted 
of red blood cells, as described previously. 
Antibodies 
For cell surface staining, we used antibodies specific for CD8 (phy 
coerythrin [PE] conjugated, Caltag Laboratories, South San Francisco, 
California), CD8 (fluorescein isothiocyanate [FITC] conjugated, Becton 
Dickinson), Pgp-1 (FITC conjugated, KM-El, Hughes et al. 1 981), MEL- 
14 (FITC conjugated, Gallatin et al., 1983), ctT chain (T3.70, biotin 
conjugated, as Fab FITC conjugated; Teh et al., 1989). Protein A- or 
protein G-purified antibodies were conjugated according to standard 
procedures. GKl.5 (Dyalinas et al., 1983) was used for CD4+ T cell 
depletion. 
Surface Stalnlng and Sortlng of Lymphocytes 
Lymphocytes were suspended in PBS containing 2% fetal calf serum 
(FCS) at IO’ cells per ml and, for staining, were pelletted in round- 
bottomed wells of 98-well microtiter plates. The cells were resus- 
pended in 100 pl of PBS plus 2% FCS containing the desired antibod- 
ies in optimal concentrations and incubated for IO-20 min on ice. 
After incubation, cells were washed twice in PBS plus 2% FCS and 
resuspended either in 100 VI of the same solution (in the case of direct 
staining with phycoerythrin-conjugated antibodies, FlTCconjugated 
antibodies, or both) or (in the case of indirect staining, with biotinylated 
antibodies) in 100 PI of optimally diluted phycoerythrin-streptavidin 
(Southern Biotechnology Associates, Incorporated) or allophycocy 
anin-streptavidin (Molecular Probes, Incorporated) and incubated for 
another 10-20 min on ice. For sorting, staining was done in plastic 
tubes. Afterwashing, cellswereanalyzedon either FACScan, FACStar 
Plus, or FACS-Vantage (Becton Dickinson) instruments equipped ap- 
propriately. T3.70+ CD8+ double-positive T cells were sorted on FAC- 
Star Plus and FACS-Vantage. The sorted population was reanalyzed 
by the same machines to test purity. 
Cell Depletion 
Single cell suspension of lymph nodes or spleen (red blood cells lysed) 
were prepared in PBS plus 2% FCS. slg’ cells were depleted using 
Dynabeads (Milan, Switzerland). For sorting, the CD8’ T cell popula- 
tion was enriched by depleting CD4+ T cells by staining with GK1.5 
(Dyalinas et al., 1983) and utilizing Dynabeads. 
Adoptive Transfer into (88 x bml2)Fl and nulnu B8 Mice 
Lymph node cells (IO’) in PBS, depleted of slg’ cells, from female ap 
TCR transgenic mice, were injected into sublethally irradiated (800 
rads) (B8 x bml2)Fl male mice intravenously. Between 1.5 x IO8 
and 3 x 108 sorted T cells in PBS were injected into 4- to 5-week-old 
nu/nu, B8 female mice intravenously. 
DNA Extraction and Detection of Male Cells by PCR 
To extract DNA, 5 x IO5 lymph nodes or spleen cells, from female 
nu/nu with parked activated or naive T cells, were washed in PBS and 
lysed by boiling for 5 min in 500 ~1 PBS. Proteinase K (Boehringer 
Mannheim, Germany; 20 pglml final) was added, the lysate digested 
at 55OC for 3 hr, and boiled again to destroy proteinase K activity. The 
solution was extracted once with phenol-chloroform-isoamylalcohol 
(25:24:1) and once with chloroform:isoamylalcohol (24:l). DNA was 
precipitated with 1 vol isopropanol/O.l vol sodium acetate (pH 5.2), 
centrifuged, the pellet washed with 1 vol 70% ethanol, and air dried. 
The pellet was dissolved in 500 ~1 IO mM Tris (pH 8.3). Aliquots of 5 
~1 of this preparation (the equivalent of 5000 cells) were subsequently 
used for PCR amplification. Primers used for amplification were oligo- 
nucleotides (5”GGTGGTCCACATGAAGAT, 5’-GATGTGAACAAG- 
GATGCCTG) recognizing sequences in the Zv-7 gene (Ashworth et 
al, 1989). Amplification was done for 30 cycles using an annealing 
temperature of 83OC; amplification productswere run on a 1% agarose 
gel and blotted. Blots were hybridized utilizing a probe generated from 
the amplification product obtained from a male mouse. 
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